There are limited, reliable data on the prevalence of hypertension in East African populations. The aim of this study was to document the prevalence of hypertension in the rural Hai district of Tanzania. All consenting individuals aged 70 years and over who were living in 12 randomly-selected villages in the district underwent three consecutive sitting blood pressure (BP) measurements. An average of the last two measurements was taken. Prior diagnosis of, and treatment for, hypertension was recorded. Of the 2223 subjects, 1553 (69.9%, 95% CI 68.0-71.8) had hypertension (BP X140/90). Of those with hypertension 733 (47.2%) had isolated systolic hypertension. Only 586 (37.7%) hypertensives had been previously diagnosed, 94 (6.1%) were currently treated and 14 (0.9%) were adequately controlled. This is the first large-scale prevalence study of hypertension in the elderly in sub-Saharan Africa (SSA). Our results approximate to a 'rule of sixths'; 2/6 of hypertensives were previously detected, 1/6 of those previously detected were on treatment and 1/6 of those on treatment were adequately controlled. Hypertension is a large problem in the elderly population in SSA, and there are a growing number of elderly who are at risk of hypertensive sequelae owing to lack of detection and treatment.
INTRODUCTION
Hypertension causes considerable morbidity and mortality worldwide, contributing 57 million (3.7% total) disability adjusted life years, and 7.5 million (12.8%) premature deaths annually. 1 It is the most powerful modifiable risk factor for both ischaemic and haemorrhagic stroke, [2] [3] and we have recently shown stroke to be a significant health problem in rural Tanzania, with incidence rates similar to those seen in African-Americans, 4 causing an excess stroke burden when compared to Caucasians. 5 In the absence of effective intervention, the prevalence and severity of hypertension, and therefore stroke, is likely to continue to increase in sub-Saharan Africa (SSA). Hypertension 6 and stroke 7 are both increasingly common with increasing age, and there is a rapidly expanding elderly population in SSA, with the population of those aged X65 years expected to increase by 50% from 19.3 million in 2000-28.9 million in 2015. 8 Several studies address the issue of hypertension in SSA, yet few studies provide age-standardised data, and there are no studies dedicated to hypertension in the elderly population, with most studies containing small numbers of people aged 70 years and over. 9 A Zambian study of 1928 people aged X25 years reported a prevalence of hypertension of 34.8%, with rates higher in the X45 years age group, and in the male population. 10 A study across three rural sites in Tanzania was conducted by Swai et al. 11 in 1993 using a cutoff for hypertension of 160/95 mm Hg. Of the 8581 adults aged X15 years, prevalence was generally low, but was highest in Kilimanjaro region at 6.6 and 7.5% in male and female population, respectively. In the X65 years age group, prevalence was also highest in Kilimanjaro region in both male and female population at 27.2 and 27.3%, respectively. The mean blood pressure (BP) in the X65 years group in Kilimanjaro was 141/83 mm Hg for the male population and 142/84 mm Hg for the female population. A further study from Tanzania in 2000 by Edwards et al. 12 compared rural Kilimanjaro region (n ¼ 928) to urban Dar-es-Salaam (n ¼ 770). Using a cutoff for hypertension of 140/90 mm Hg, the prevalence in people aged X55 years was 77.8% (urban) and 54.0% (rural) in the male population, compared to 69.0% (urban) and 61.0% (rural) in the female population. The mean BPs were 149.3/89.3 and 143.2/88.5 for urban and rural male population, and 149/92 mm Hg and 144/88 mm Hg for urban and rural female population in the X55 years age group. A 2005 review of hypertension in SSA concluded that the prevalence of hypertension in the X65 years age group was 30-40% in rural West Africa, 50% in semi-urban West Africa and 50-60% in South Africa. 13 These rates were compared to the slightly higher rates of 60-70% in African-Americans of the same age group. 14 Hypertension is often asymptomatic. As a consequence there is often a shortfall between levels of detection, treatment and control. 15 Whereas this disparity has improved in some highincome countries, 16 the situation remains poor in the general adult population of SSA. 17 This is unlikely to change in the immediate future. Currently, less than 3% of global health aid is spent on non-communicable disease (NCD) prevention and treatment. 18 The inadequacy of healthcare provision for NCDs is seen most notably in older adults in SSA, whose morbidity is often neglected and ascribed wrongly to the natural ageing process. The aim of this study was to fill a current gap in knowledge by accurately documenting the prevalence of hypertension in a large, elderly, rural-dwelling Tanzanian population, and examine the disparity between detection, treatment and control of hypertension.
METHODS
Ethical approval for the study was obtained locally from Tumaini University ethics committee, and nationally from the Tanzanian National Institute of Medical Research. All the study participants provided their informed consent. We obtained a thumbprint for those who could not read and write, and the purpose and implications of the study were verbally explained. In cases where patients were unable to consent, written assent was obtained from a close relative. 
Study population
The study population was identified via census details of those aged X70 years, and through village enumerators, who invited people known to have reached 70 years between the census and our data collection period. Collecting accurate information on patient age can be difficult in SSA, as few people have a birth certificate. 19 Age was calculated from birth year and confirmed using memory prompts (for example, age at independence), where necessary. This method has been previously validated. 20 We aimed to assess one-quarter of the people aged X70 years in the DSS. We visited 12 of the 52 villages of the DSS, with a total census population of 2425. Villages were chosen using a random number generator, with stratification to allow a representative spread of upland and lowland villages. Stratification was performed to enable an accurate geographical representation of the Hai DSS population. The upland villages tend to be cooler, with more rainfall and fertile volcanic soils used for growing cash crops, such as coffee. The lowland villages are hotter and drier, with populations more widely spread to allow for pastoralist lifestyles, such as cattle herding. Both upland and lowland villages could be considered rural, and both are economically poor by international standards. 21 
BP measurement
BP was recorded in the right arm using an appropriately sized cuff, with the arm supported at the level of the heart. In accordance with the World Health Organisation (WHO) STEPS protocol, 22 three measurements were taken in the sitting position 1 min apart after 5 minutes of resting quietly, with an average taken of the last two readings. If there was 410 mm Hg difference in either the systolic and/or diastolic readings, comparing the second and third recordings, further readings were taken until two consecutive measurements were concordant within this range. A newly calibrated A&D UA-767 (A&D Instruments Ltd, Abingdon, UK) BP monitor was used to record BP. 23 This device meets the criteria for British Hypertension Society A/A and the Association for the Advancement of Medical Instrument's approval. 23 
Hypertension definitions
Hypertension was defined as BP X140 mmHg systolic or 90 mm Hg diastolic pressure, or currently receiving anti-hypertensive medication with a BP o140/90 mm Hg, for the purposes of reporting prevalence. Further classification of severity was undertaken according to British Hypertension Society guidelines, with grade 2 hypertension defined as X160/100 mm Hg, and grade 3 hypertension as X180/110 mm Hg. 24 Isolated systolic hypertension (ISH) was defined as systolic BP X140 mm Hg, with diastolic BP o90 mm Hg. 24 
Additional data collection
We recorded a previous diagnosis of hypertension and any current antihypertensive medication taken by the participants, in addition to basic background data on age, gender, height and weight. It was not possible to obtain reliable data relating to the date of hypertension diagnosis. Height was measured without shoes on, using a steel tape measure. Weight was measured without shoes, but fully clothed using a set of weighing scales. Most people wore only light clothes. The majority of men wore shirt and trousers, whereas women were in kangas (two pieces of light cloth wrapped around body) with a vest underneath. Barthel index score 25 was also recorded. In line with the recommendations of Heslin et al. 26 , severe disability was defined as a Barthel index score of o15, and moderate disability a Barthel index score of 15-18.
Statistical analysis
Age standardisation was carried out using the direct method, with standardisation to the WHO world standard. 27 Comparing our study population with the WHO standard population, there was a similar distribution in each age group other than in the X85 years age group, where the proportion of people in Hai (17.3%) was notably higher than the WHO standard population (12.0%).
Data relating to age, BP, pulse pressure and BMI were broadly normally distributed. The study only included those aged X70 years , therefore, data relating to age were not normally distributed. Confidence intervals (CIs) for prevalence and Odds ratios (ORs) were calculated based on the assumptions of the binomial distribution. CIs for continuous variables were calculated from the normal distribution. There were very few missing values and, therefore, these are assumed to be missing at random, with no attempt to impute missing values.
A logistic regression model was constructed to help identify independent predictors of hypertension. Body mass index (BMI) was treated as a continuous variable. Age was separated out into four-age bands. All other variables were dichotomised. Stepwise methods were used to construct the model and the robustness of the model checked by examination of residuals, Cook's distances, loading of variables on individual eigenvalues and collinearity diagnostic tests. Two-tailed tests and a significance level of 5% were used throughout.
RESULTS

Study cohort
The 12 villages had a total census population of 2419 people; 488 people on the census were not seen owing to refusal (n ¼ 148), having moved (n ¼ 128), deaths (n ¼ 154), being too young (n ¼ 33), not being known by village enumerator (n ¼ 17), being in hospital (n ¼ 1) and duplicate entry (n ¼ 7). A further 301 people were identified as having become 70 year old between the census and the prevalence date. This gave a final study population of 2232.
Of the 2232 people included in the study, BP was recorded in 2223 (99.6%). Nine people (5 female subjects) refused to have their BP recorded. Reasons for refusal included feeling unwell and feeling that the cuff was too painful.
Of those who did have their BP recorded, 1251 (56.3%) were women and 972 (43.7%) were men. The demographic and clinical characteristics of men and women are compared in Table 1 . Female subjects had significantly higher BMI, pulse pressure and systolic and diastolic BP than male subjects. Furthermore, female subjects were significantly more likely to have moderate or severe disability than male subjects (OR 1.45 (95% CI 1.06-1.98).
Upland and lowland villages and tribal origins In the Hai DSS, of those aged X70 years , 76.5% live in upland areas and 23.5% in lowland areas. We studied eight upland villages (n ¼ 1683, 75 4%) and four lowland villages (n ¼ 549, 24 6%), thus our sample was broadly representative of the DSS with regard to village location. Within our cohort the majority tribal group was Chagga (n ¼ 2032, 91.0%); other tribal groups included Pare and Maasai. The elderly population in upland villages were almost exclusively of Chagga origin (n ¼ 1625, 96.6%), whereas lowland villages were slightly more mixed (n ¼ 407 Chagga, 74.1%).
Prevalence of hypertension Of the 2223 study participants, 1553 had hypertension of grade 1 or higher, giving a crude and age-adjusted prevalence of 69.9% (95% CI 68.0-71.8). Rates in female subjects were significantly higher than in male subject, with 605 male subjects (62.2%, 95% CI 59.2-65.3) and 948 (75.8%, 95% CI 73.4-78.2) female subjects having hypertension at grade 1 or higher. Rates of grade 1 hypertension or greater in people from highland villages were significantly higher than rates in those from lowland villages. Of the 1674 people in highland villages who had their BP taken 1207 (72.1%) had hypertension compared to 346 (63.0%) of the 549 people from lowland villages (OR 1.52 95% CI 1.24-1.86). Table 2 details prevalence rates of hypertension by age band, gender and grade of hypertension. There was no obvious trend in hypertension prevalence with age. Although the different grades of hypertension appear to be evenly spread in male subjects, grade 3 hypertension was the most common grade of hypertension in female subjects, and was increasingly common in the higher age groups, with half of all female hypertensives aged X85 years having grade 3 hypertension. Overall, there was a significantly higher prevalence of grade 3 hypertension in female subjects (34.9%, 95% CI 32.2-37.5) compared to male subjects (22.3%, 95% .
A logistic regression model, used to identify independent predictors of the presence of grade 1 hypertension or above, is shown in Table 3 . Highland dwelling, Chagga tribal origin, greater age (categorised by age band), female gender and higher BMI were all significant predictors, although the presence of moderate or severe disability (by Barthel Index score) was not.
Prevalence of ISH Details of rates of ISH by age and gender are presented in Table 2 . Rates of ISH within the entire study population are similar in male and female subjects; present in 319 male subjects (32.8%, 95% CI 29.9-35.8) and 414 female subjects (33.0%, 95% CI 30.5-35.7). Of the 1553 people with grade 1 hypertension or higher, 733 (47.2%) had ISH of grade 1 or higher. Figure 1 presents data for the prevalence of ISH within those with hypertension by age and gender. Overall, of the 605 male subjects with hypertension of grade 1 or higher, 319 (52.7%, 95% CI 48.7-56.7) had ISH, and of the 948 female subjects with hypertension, 414 (43.7%, 95% CI 40.5-46.8) had ISH. Of the subjects with hypertension of grade 1 or higher, male subjects were significantly more likely to have ISH than female subjects (OR 1.44, 95% CI 1.17-1.77).
Detection, treatment and control Data for detection, treatment and control of hypertension in male and female subjects are presented in Figure 2 . Overall, only 586 (397 female subjects) of the 1553 hypertensives were aware of their BP status, representing 37.7%. The odds of a female subject with hypertension being aware of their diagnosis was significantly higher, 1.59 (95% CI 1.28-1.97), than that of a male subject. Of those who were aware of their diagnosis, only 94 (46 female subject) were taking regular treatment, representing 16.0% of those aware and 6.1% of all hypertensives. The odds of a male subject who was aware of their hypertension taking regular treatment was significantly higher, 2.60 (95% CI 1.66-4.07), than that of a female subject. Finally, of those on regular treatment, only 14 (three female subjects) had their hypertension adequately controlled, representing 14.9% of those on regular treatment and 0.9% of all hypertensives. The odds of a male subject who was taking regular treatment being adequately controlled was significantly higher, 4.26 (95% CI 1.10-16.44), than that of a female subject. Our results reveal that whereas more women were aware of their hypertensive status, men were more likely to be taking regular treatment and achieving BP control.
DISCUSSION
Comparison of hypertension prevalence rates
Comparison of the hypertension rates reported here with other recent studies from SSA is complicated by differences in methodology, particularly in relation to the age groups studied. The prevalence rates, and mean BP values reported in our study are higher than those reported by Edward et al. 12 in 2000 and Swai et al. 11 in 1993 for rural Tanzania, though it was a younger population. Although there appears to be little evidence that hypertension rates have increased in this setting over the last 20 years, it is clear that rates are currently as high as reported in any other population anywhere in SSA, though still slightly lower than those reported in African-Americans. An overview of hypertension trends in the USA in those aged X70 years reported hypertension rates of 83.4% in black males and 83.1% in black females during the period 1999-2004. This was a significant increase on figures for the period 1988-1994 where rates were 69.6 and 71.7% in male and in female subjects, respectively, in the same age group. 28 Predictors of hypertension Hypertension was more common in female subjects than male subjects in our cohort, in line with previous data from SSA and 29 reported prevalence rates in a 65 þ population of 70% in men and 80% in women, and a South African study 30 also reported higher rates in women than men in an elderly population. The reasons for this are likely to be multi-factorial, although excess mortality amongst elderly males may be one of the main drivers for this difference. 31 BP is known to increase with age in high-income country studies, and the same trend has been noted in SSA populations. 9, 28 Proposed mechanisms in the elderly population include increased sodium sensitivity, increased aortic stiffness owing to loss of elasticity, increased atherosclerosis, endothelial dysfunction and reduced organ perfusion. 32 We also noted that hypertension was significantly more common in those from upland villages, and in those of Chagga tribal origin. Both these variables may be markers for socioeconomic status. It has been noted that the upland dwelling, predominantly Chagga people in Hai tend to be more prosperous than those living in lowland areas. 19 Although the reasons for this are likely to be complex, the land in upland areas is generally more fertile allowing cash crops, such as coffee, to be grown and income to be generated. Objective markers for socioeconomic status are difficult to obtain in this setting and many people often refuse to discuss this topic, feeling that it is a private issue. As such, we were unable to collect these data directly. Nevertheless, this finding is interesting and merits further investigation.
ISH ISH is known to be a strong risk factor for coronary heart disease in men, with higher risk in older adults. 33 The importance of reporting ISH in the older adults in SSA cannot be underestimated, given the current paucity of data combined with a paradigm shift in recent years and a primary emphasis for controlling systolic BP owing to its relationship to cardiovascular risk. 34 However, there are few previous data relating to ISH from SSA. 35 ISH comprised almost half of all hypertension in our population, and was significantly more common in male subjects with hypertension than female subjects. Although the percentage of hypertensives with ISH is similar to rates seen in high-income countries, the increased prevalence in male subjects has not previously been reported. 6 A study from Cameroon noted the presence of ISH to be correlated with higher levels of smoking. 36 We are unable to comment on whether higher rates of smoking in male subjects may be related to ISH prevalence, although differences in risk factor profiles between the sexes is likely to have a part.
Awareness, treatment and control In 2000, Edwards et al. 12 reported that, within those found to have hypertension from an adult population, 20% were aware of their hypertension, 10% were treated and o1% had their hypertension adequately controlled. In our study of the elderly population, rates of detection, treatment and adequate control were very similar. Even if the situation has improved for the general adult population, it is likely that, for the elderly population at least, little has changed. This is despite health initiatives instigated by Edwards et al. 37 to improve detection, control and treatment of specific NCDs, including hypertension in Hai. These interventions included development of local treatment guidelines, sustainable local clinics for detection and treatment, and health promotion at a national level.
The situation is similar in other African counties. In Ghana, rates of treatment and control were slightly higher, at 28 and 6.2% respectively. 17 Interestingly, the authors found that whereas knowledge of one's own hypertension increased with age, treatment and adequate control were higher in younger-age groups. The authors suggest that whereas older people may be more interested in looking after their health, they were less likely to have the means with which to finance long-term treatment. A separate study in rural Ghana by Cappuccio et al. 38 found detection rates of 16.4%, treatment rates of 6.9% and control rates of 1.7%. In agreement with our findings, detection was better in female subjects than male subjects. It has been suggested that higher rates of detection in female subjects may be partly due to their greater involvement with health services during pregnancy. 9 A rule of sixths Our own figures, and those of other authors from SSA, regarding detection, treatment and control are a long way short of those reported by Wilber and Barrow, 15 who suggested a 'rule of halves' for rates of detection, treatment and control of hypertension in the United Kingdom. They noted that only half of the hypertensives were being detected, and only half of those were treated, of which only half were adequately controlled. Our figures equate more to a rough 'rule of sixths', with only two sixths (29.4%) of hypertensives aware, one-sixth (16.0%) of those aware treated, and one-sixth (14.0%) of those treated adequately controlled.
Limitations
We chose only to study a large cohort of rural dwellers aged X70 years using a cross-sectional design. As such, we are unable to comment on younger age groups or to consider trends over time. Data regarding mortality rates in both hypertensives and nonhypertensives would be of particular interest, and would shed light on the role of excess mortality in hypertensives on our results. We did not collect individual data on socioeconomic status and income, as we found this to be a culturally sensitive subject. Finally, weight was measured in normal day clothing, with footwear removed. We recognise that this may have inflated estimations of weight, and hence BMI. Asking people to undress would not have been widely acceptable in this elderly, rural population. Nevertheless, most people wore only light clothing and any bias is likely to be relatively small.
CONCLUSIONS
The high prevalence rates and low levels of detection, treatment and control in our study emphasise the challenges of NCD management in SSA from the perspectives both of the difficulty in accessing healthcare in a resource-poor country, but also ensuring patients are aware of the dangers of undiagnosed, and therefore untreated, diseases that are asymptomatic in the majority of cases and yet require lifelong treatment. It highlights a specific problem in the elderly population, a population that is rapidly growing in SSA, and one that is likely to benefit most from detection and treatment of hypertension. Although routine screening may be expensive, hypertension is a major risk factor for a range of NCDs, such as stroke and heart disease. significant burden on already overstretched healthcare systems. Furthermore, non-pharmacological interventions to prevent and control hypertension can be inexpensive, particularly if employed as primary prevention. Education programmes aimed at changing diet and lifestyle, such as reducing salt intake, have been shown to be extremely effective in this setting, 40 and are likely, over time, to prove more sustainable in SSA than pharmacological management.
What is known about this topic
Hypertension is thought to be becoming more common in sub-Sahara Africa as populations undergo demographic ageing. However, reliable data, especially from East Africa, are lacking.
Rates of detection, treatment and control for hypertension are thought to be low in SSA.
There are no previous large-scale studies of hypertension prevalence in the elderly population from SSA.
What this study adds Hypertension was extremely common in our cohort with almost 70% of community-dwelling people aged X70 years having hypertension at grade 1 or above. In our cohort, 2/6 of hypertensives were previously detected, 1/6 of those previously detected were on treatment and 1/6 of those on treatment were adequately controlled. Hypertension is a sizeable problem in the elderly population in SSA, with a large number at the risk of hypertensive sequelae, such as stroke, owing to lack of detection and treatment.
